Escherichia coli ribosomes washed with 1 M NH4Cl were found to function as acceptor for leucine and phenylalanine in the reaction catalyzed by leucyl, phenylalanyl-tRNA:protein transferase. When isolated subunits were acylated with [14Cjphenylalanine and reisolated by gradient centrifugation, the recovered 30S particles had a specific radioactivity nearly 30 times that of similarly treated 50S particles. Autoradiography of gels, which contained protein from acylated 30S particles, that had been subjected to electrophoresis in 8 M urea and in sodium dodecyl sulfate, suggested that acceptor activity was largely due to a single protein with a molecular weight of about 12,000. Leucine and phenylalanine residues that had been transferred to ribosomal protein were reactive with fluorodinitrobenzene and were released as leucyl-or phenylalanylarginine after treatment with trypsin.
Leucyl, phenylalanyl-tRNA: protein transferase is a soluble enzyme from Escherichia coli that catalyzes the transfer of these amino acids from tRNA to certain protein acceptors (1) . It is apparently responsible for observations of the incorporation of leucine and phenylalanine into protein in soluble extracts of E. coli (2) . The transfer reaction is distinguished from that involved in protein synthesis de novo by the fact that it does not require ribosomes, magnesium ions, GTP, or template nucleic acids. On the other hand, it does depend upon the presence of a suitable protein acceptor (3) . Recently we provided evidence that acceptor proteins have an NH2-terminal arginine residue to which the amino acids are transferred (4) .
It has been suggested that this enzyme may provide a mechanism for regulating the function of those proteins whose modification it catalyzes (3), but little is known concerning such protein acceptors in E. coli. In this report, we present evidence that E. coli ribosomes possess acceptor activity that is largely due to a single protein located on the 30S subunit; leucine or phenylalanine become attached to the NH2-terminal arginine residue in this protein. MATERIALS Isolated 30S particles that had been acylated with ['4C]phenylalanine and recovered as described in Fig. 1 were similarly treated with RNase, and an aliquot containing .50 uig of protein and 34,000 cpm of incorporated phenylalanine was used. Disc gel electrophoresis was performed as described by Traub and Nomura (10) . The gels were stained for protein with 0.05%0 (Table 1 ). The greater incorporation observed for phenylalanine as compared with leucine was probably due to the use of the generating system for phenylalanyl-tRNA. This system was used to overcome the limitation of the transfer reaction known to result from depletion of aminoacyl-tRNA (1). Qualitatively similar results were obtained with both amino acids. In each case, the smaller ribosomal subunit was found to account for most of the acceptor activity. The difference between the two particles was considerably more pronounced when the isolated subunits were first acylated with ["4C] )henylalanine and thena reisolated by sedimentation through a sucrose gradient (Fig. 1) .
Coomassie Blue, destained with 7% acetic acid, and then sliced and subjected to autoradiography for 29 days with Kodak Medical x-ray films. A and B are the gels obtained with whole ribosomes and 30S particles, respectively, stained for protein.
C and D are the corresponding autoradiograms.
Biochemistry: Leibowitz (10) , and the distribution of radioactivity was determined by autoradiography (Fig. 2) . Most of the radioactivity was located in a single band, the mobility of which was identical in the two preparations. The radioactive product obtained with 30S particles also migrated as a single component during disc gel electrophoresis in sodium dodecyl sulfate (Fig. 3) . Its mobility in this system corresponded to that of cytochrome c, which indicates a molecular weight of about 12,000 for the reduced, denatured protein.
Characterization of the incorporated amino acids
Acylation of whole ribosomes with [14] leucine or ['4C]phenylalanine was performed under conditions in which incorporation was more than 95% dependent upon the presence of ribosomes. Almost all (>90%) of both of the incorporated amino acids were found to retain a free alpha-amino group, as determined by the fluorodinitrobenzene reaction (14) .
Samples of the acylated proteins were treated with trypsin albumin. The latter was included as a measure of the adequacy of digestion, since it is known to yield leucyl-or phenylalanylarginine as the major tryptic peptide (7). The digests were analyzed by paper chromatography (Fig. 4) . For each digest, the major fraction of both isotopes was found in a position corresponding to that of leucyl-or phenylalanylarginine. These results were confirmed by paper electrophoresis in 1.5 M formic acid and establish that both leucine and phenylalanine had been transferred to an NH2-terminal arginine residue of the ribosomal protein acceptor.
DISCUSSION
The present results indicate that leucyl, phenylalanyl-tRNA: protein transferase catalyzes the addition of these amino acids to an NH2-terminal arginine residue of a protein located on the 30S subunit of the E. coli ribosome. This conclusion is in accord with other evidence that suggests that acceptor protein specificity in this reaction is due to an NHrterminal arginine moiety (4), but is at variance with analysis of the NH2-terminal amino acids of E. coli ribosomal proteins in which no (17) . Preliminary experiments in our own laboratory suggest that the number of different soluble protein acceptors is small, although they account for the bulk of the total acceptor activity of the cell. The possible relationship of the soluble acceptor activity to the ribosomal acceptor protein remains to be investigated.
Many aspects of the leucine, phenylalanine-transfer reaction (1, 4, 7) , and of the reaction catalyzed by the corresponding mammalian enzyme, arginyl-tRNA:protein transferase (19, 20) , are now understood. However, the naturally occurring protein substrates for these reactions, as well as the factors determining the extent of acylation of these proteins in vivo, are largely unknown and the function of this class of enzymes is not understood. The existence of a specific acceptor on the 30S subunit of E. coli ribosomes suggests that leucyl, phenylalanyl-tRNA: protein transferase may play a role in regulating the translation from mRNA to protein in E. coli. The possibility that acylation of the ribosomal protein acceptor may alter the function of the 30S particle in protein synthesis is currently being examined.
This work was supported by grants from the National Institutes of Health (GM 11301, AM 12395), the National Science Foundation (GB 7882), and the American Cancer Society (P-562). This is Communication No. 246 from the Joan and Lester Avnet Institute of Molecular Biology. MJL was a Medical Scientist Trainee supported by NIH Grant 5T5 GM 1674; RLS was supported by a Career Development Award from the NIH.
